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1.Experimental Section
Materials

All the reagents and solvents are commercially available and used without further
purification. Aluminum chloride hexahydrate (AlCl;-6H,0, 99.9%) was purchased from J&K.
p-Tolunitrile (99%), trifluoroacetic acid and trifluoromethanesulfonic acid (99%) were
purchased from Energy Chemical Co. Ltd. Sodium hydroxide (NaOH, 99%) was purchased
from Beijing Chemical Works. N, N-Dimethylformamide was purchased from Sinopharm
Chemical Reagent Co. Ltd. Acetone, toluene, methanol and concentrated nitric acid was
purchased from Beijing Chemical Works. N-methylimidazole and 1-bromobutane were
purchased from Energy Chemical Co. Ltd.

Equipment

All the reactions were performed under ambient atmosphere using oven-dried glassware
unless otherwise mentioned. Fourier transform infrared spectroscopy (FT-IR) analysis was
performed on a Nicolet 6700 FT-IR spectrophotometer. Spectra were recorded in the 4000 to
400 cm™! wavenumber range. Nuclear magnetic resonance (NMR) experiments were carried out
on a Bruker Avance III 400 MHz. X-ray photoelectron spectroscopy (XPS) was recorded on a
Kratos ASAMS800 spectrometer. Powder X-ray diffraction data (PXRD) analysis of powders
were recorded on a SHIMADZU XRD-6000-X-ray diffractometer in reflection mode using Cu
Ka radiation (A=1.5406 A). The 20 range from 1° to 50° was scanned with a step size of 0.01°.
The powders morphologies were observed via scanning electron micrographs (SEM) (S-4800).
The gold-coated specimens were fabricated under an acceleration voltage of 10-20 kV. The
surface areas and pore properties were investigated by nitrogen adsorption and desorption at 77
K using ASAP 2020 Plus HDS88. The pore-size-distribution curves were obtained from the
adsorption branches using the density functional theory (DFT) method. Thermogravimetric
analysis (TGA) data were recorded by using a TGA-50 (SHIMADZU) thermogravimetric

analyzer with a heating rate of 10 °C min! under N, atmosphere. Element analyses (EA) were



performed on a CARLO ERBA 1106. Raman spectra were obtained using an Xplora PLUS
Raman microscope (Horiba Company) with a 785 nm laser and a 1200 lines/mm grating. The
acquisition time was 10 s and accumulated for 5 cycles. UV—vis spectra were recorded on a
Shimadzu UV-2600 spectrometer.

Synthesis of H;TATB

2, 4, 6-tri-p-tolyl-s-triazine (1): 2, 4, 6-tri-p-tolyl-s-triazine was prepared according to the
previous literature!. p-Tolunitrile (2.9 mL, 24.3 mmol) was added slowly to
trifluoromethanesulfonic acid (10 g). The mixture was stirred for 13 hours, poured on ice and
neutralized with sodium hydroxide solution (1M, 25mL). The precipitate was collected by
filtration and then washed with water and acetone. Recrystallization in toluene gave the title
compound as white crystals (2.66 g, yield: 94 %). 'H-NMR (400 MHz, CDCl;): 0 8.65 p.p.m.
(d, J=8.1 Hz, 6H), 7.36 (d, J = 8.1 Hz, 6H), 2.45 (s, 9H);.
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4,4’,4”-s-trizaine-2,4,6-triyltribenzoic acid (2): 2,4,6-tri-p-tolyl-s-triazine (1g, 2.21mmol)
was added to concentrated nitric acid (3 mL) and water (9 mL) in the Teflon reactor. The
mixture was heated for 24 hours, the resulting mixture was cooled to room temperature and
then the suspension was filtered. Recrystallization in N, N-Dimethylformamide gave the title
compound as the yellowish solid (0.92g, yield: 92%). TH-NMR (400 MHz, DMSO-dy): ¢ 13.30
p.p-m. (br, 3H), 8.65 (d, /= 8.2 Hz, 6H), 8.08 (d, /= 8.2 Hz, 6H).



Synthesis of PCN-333(Al)
PCN-333(Al) was prepared according to the previous literature.> H;TATB (50 mg) and

AlCl5-6H,0 (200 mg) were dissolved in 10 ml DMF, then 1.0 ml trifluoroacetic acid was added.
The mixture was heated up at 135 °C in an oven for 2 days until white precipitate formed. The
white precipitate was centrifuged and washed with fresh DMF and acetone for several times.
Yield (based on ligand): 80%.

Synthesis of IL@PCN-333(Al)
N-methylimidazole (1.5g) was added to a vial containing dehydrated PCN-333(Al) (0.3 g)

and was magnetically stirred at room temperature for 24 h. After that, 1-bromobutane (2.8 g)
(the molar amount slightly more than N-methylimidazole) was added to the mixture and
magnetically stirred for an additional 24 h at room temperature. The resulting solid was
separated via filtration and washed with ethanol three times. Finally, the resulted solid product
was dried in an oven at 80 °C overnight at vacuum.

Synthesis of MIL-101(Cr)

MIL-101(Cr) was prepared according to the previous literature.?

Synthesis of IL@MIL-101(Cr)
IL@MIL-101(Cr) composite was systhesized with the similar method of IL@PCN-333(Al).

N-methylimidazole (1.5 g) was added to a vial containing dehydrated MIL-101(Cr) (0.3 g) and
was magnetically stirred at room temperature for 24 h. After that, 1-bromobutane (2.8 g) (the
molar amount slightly more than N-methylimidazole) was added to the mixture and
magnetically stirred for an additional 24 h at room temperature. The resulting solid was
separated via filtration and washed with ethanol three times. Finally, the product was dried in
an oven at 80 °C overnight at vacuum.

TH-NMR measurement

0.5 g potassium hydroxide and 10mL D,0 were put into the vial for ultrasound until dissolved
to make potassium hydroxide solution. 5 mg sample (IL@PCN-333(Al)) and 1 mL potassium

hydroxide solution were loaded into 10 mL centrifuge tube and heated at 80 °C until dissolved.



After being filtered by filter membrane, the solution was injected into nuclear magnetic tube
for 'TH-NMR measurement.

Iodine Vapor capture

The iodine vapor adsorption capacities of IL@PCN-333(Al) were calculated by mass
measurements. Before the iodine adsorption experiment, the ethanol-exchanged samples were
heated under vacuum for 12 h at 80 °C. The degassed sample was then transferred into a glass
vial, which contained a small amount of solid I, in an open vessel and the vessel charged with
at atmospheric pressure. The vessel was then sealed and heated at 75 °C for 0.5—48 h to allow
adsorption of iodine into the desolvated MOF. The iodine-loaded samples were cooled to room
temperature and collected for further analysis. The iodine capture of IL@PCN-333 (Al) was
evaluated by the following equation:

(WZ - W1)/WI1 * 100 wt.%

Where W, and W, represent the mass of IL@PCN-333 (Al) before and after iodine capture,
respectively.

Iodine adsorption kinetics measurement

IL@PCN-333(Al) sample (0.015 g) was added into a glass vial containing 10 ml stock
solution of iodine with the concentration of 1.6 mg/mL. The mixture was kept at room
temperature for 48 h. During the adsorption period, the mixture was filtered at intervals through
a membrane filter for all samples. Subsequently, the filtrates were collected and measured by
using UV-2600 to determine the residual iodine content.

Iodine adsorption isotherm measurement

IL@PCN-333(Al) sample (0.015 g) was added into a glass vial containing 10 ml stock
solution of iodine with different concentrations (0.26-6.35 mg/mL). The mixture was kept at
room temperature for 48 h and filtered through a membrane filter for all samples. Subsequently,
the filtrates were collected and measured by using UV-2600 to determine the residual iodine

content.



Regeneration of Adsorbents

The L-IL@PCN-333(Al) used in adsorption measurements were washed with n-hexane (by
a proportion of 300 mL n-hexane per 30 mg IL@PCN-333(Al)) through soaking overnight
under stirring at room temperature for 12 h. This procedure was repeated at least three times by
using fresh n-hexane. After filtration, the wet products were dried under vacuum at 348 K for
1 h to remove the residual solvents. The regenerated IL@PCN-333(Al) were used again for the
iodine adsorption at least three cycles.
The distribution coefficient of the Adsorbent

The distribution coefficient (K4) value in IL@PCN-333(Al) for iodine adsorption was

calculated according to the following equation,

CO_Ce V
X —

K,=
d m

where Cy and C, are the initial and equilibrium concentrations, respectively, V is the volume of
solution (mL), and m is the mass of adsorbent used (g)
Computational Models and Methods

To investigate the interaction energies between Brly /I, and the cation of IL, the first
principles Density Functional Theory (DFT) calculations were performed using Gaussian 09
program*. Mgller—Plesset second-order perturbation (MP2) on the Hartree—Fock (HF) self-
consistent field (SCF) were calculated. The basis set SDD was employed for the I and Br atoms
while 6-31G(d) was used for the rest of the atoms. On the basis of the optimized structures, the
single-point energy calculation was performed at a more precise level of MP2/6-311++G(d) ~
SDD. In this level, the SDD functional was used for the I and Br atoms and the basis sets for

describing other atoms was replaced by 6-311++G(d)
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Table S1 Comparison of iodine vapor adsorption in different materials

BET surface area Pore volume
No. Name Iodine uptake (g/g) Ref.
(m?/g) (cm?/g)

1 CalP2 596 0.73 0.88 5
2 CalP2-Li 274 0.31 1.08 5
3 CalP3 630 0.639 1.96 5
4 CalP4 759 1.08 2.2 5
5 CalP3-Li 308 0.558 2.48 5
6 CalP4-Li 445 0.588 3.12 5
7 CMPN-1 230 0.14 0.97 6
8 CMPN-2 339 0.39 1.1
9 CMPN-3 1368 2.36 2.08 6
10 CX4-NS 468 0.52 1.14 7
11 AC2 824 - 1.17 8
12 ACI1 1323 - 1.41 8
13 MFM-300(Fe) - - 1.29 9
14 MFM-300(Sc) - - 1.54 9
15 pha-HcOP-1 217.31 1.048 1.31 10
16 S2-LDH - - 1.32 11
17 S6-LDH - - 1.43 11
18 S4-LDH - - 1.55 11
19 NBDP-CPP 658 0.92 1.5 12
20 BDP-CPP-1 635 0.78 2.83 12

21 BDP-CPP-2 235 0.18 2.23 12
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129 JLNU-4 64 - 0.6367 61
130 HCPs 584 0.41 4.6 62
131  graphene 523 0.31 1.7 63
132 PG-600 1064 0.63 2.46 63
133 PG-700 1264 0.80 3.46 63
134 PG-800 1755 1.31 4.11 63
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Fig. S3 Gravimetric measurement of iodine vapor capture capacity of IL@PCN-333(Al), air-

treated IL@PCN-333(Al) and charcoal as a function of time at 348 K and ambient pressure.
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Fig. S5 Photographs to show the color change of adsorption klnetlcs for IL@PCN-333(Al).
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Fig. S6 UV-Vis spectra of iodine in hexane at different adsorption time for IL@PCN-333(Al).




Table S2 (a) Pseudo-first-order and (b) pseudo-second-order diffusion model plots for the

iodine adsorption onto IL@PCN-333(Al) in hexane

Pseudo-first-order model Pseudo-second-order model
C qe kl qe k2
R2 R?
mgoL-l mg.g-l min-l mg.g-l g.mg-l.min-l
1600 1250 0.00488 0.92316 1500 6.98E-04 0.99955
a’r b
20+
6k
2 1.5
= 4l
é_? o‘; 1.0
E =
2+ n 0.5
0 - 0.0
0 400 800 1200 1600 0 500 1000 1500 2000 2500 3000
Time (mln) Time (mm)

Fig. S7 Kinetic parameters for the iodine adsorption onto IL@PCN-333(Al) in hexane.



Table S3 Comparison of iodine solution adsorption in different materials.

No. Name BET surface area Pore volume I, uptake(g/g) Ref.
(m*/g) (cc/g)
1 NTP 1067 - 0.429 16
2 SCMP-2 855 1.5 0.184 17
3 SCMP-1 413 0.23 0.145 17
4 NiP-CMP 2630 2 0.326 19
5 SCMP-II 119.76 0.61 0.324 25
6 MelTOP-2 50.5 0.22 1.239 32
7 TatPOP-2 36.5 0.18 0.764 32
8 AzoPPN 400 0.68 0.735 33
9 NOP-53 744 0.73 0.86 34
10 NOP-54 1178 1.32 0.89 34
11 NOP-55 526 0.42 0.81 34
12 AK-2 2751 1.34 0.336 35
13 3D-PPy 16 - 0.225 36
14 FCMP- 551 0.3865 0.55 44
600@1
15 FCMP- 636 0.6983 0.729 44
600@?2
16 FCMP- 692 0.4074 0.52 44
600@3
17 FCMP- 88 0.118 0.539 44
600@4
18 NT- 630 0.433 1.191 45
POP@3800-2
19 NT- 475 0.187 0.97 45
POP@800-3
20 NT- 736 0.463 1.202 45
POP@800-4
21 MBM 62 0.624 0.88 51
22 SIOC-COF-7 618 0.41 0.127 52
23 JLNU-4 64 - 0.68 61
24 HCPs 584 0.41 0.167 62
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Table. S4 Linearized Langmuir isotherms and Freundlich isotherms for iodine adsorption on

IL@PCN-333(Al).

Langmuir isotherm Freundlich isotherm
Qu (g/g) K (mL/mg) R?  kg(g/g) n R?
IL@PCN-333(Al) 34 0.29762 0.98419 1 1.0036 0.99998
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Fig. S8 Isotherms parameters for the iodine adsorption onto IL@PCN-333(Al) in hexane.
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Fig. S9 Iodine adsorption kinetics of IL@PCN-333(Al) with iodine initial concentration of 10
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Fig. S12 Photographs of (a) Iz—IL@PCN 333(Al) in n- hexane at different contactmg tlme and

(b) L-IL@PCN-333(Al) before and after washing with n-hexane several times.
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